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Abstract 
An innovative low cost packaging technique is used to confine a liquid flow to selected chip areas where integrated thermal flow 
meters have been fabricated by means of conventional simple post-processing steps. The packaging method is based on a plastic 
adapter, sealed to the chip using a thermal procedure. Direct contact between liquids and sensitive structures allowed to obtain an 
interesting combination of high resolution (0.2 ml/h in water) and low full scale pressure drop (5 mBar at 20 ml/h). 
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1. Introduction 
Automation of various physical and chemical apparatuses requires measurement and control of liquid flow rates. 
Integrated flow meters are potentially low cost devices, characterized by small size and weight, fast response time 
and low power consumption. Their most critical aspect is the design of a package capable of both protecting the 
fragile structures and providing contact with the fluid. Diverse solutions have been presented in the literature, 
including partial insertion of the chip into a duct 1 or bonding of a capillary to the chip surface 2,3, and a few of them 
have been evolved into commercial products 4.  
In this work we propose a flow sensor for liquids made up of a poly-methyl-methacrylate (PMMA) conveyor 
bonded to a post-processed CMOS chip. The sensor is a differential temperature calorimeter, consisting in a heater 
placed between an upstream and a downstream temperature probe, which was fabricated by applying a few post-
processing steps to chips designed with a commercial CMOS process. The conveyor was purposely shaped by 
means a precision milling machine and confines the liquid flow to the chip area where the sensor is positioned. 
Experiments performed in water and in ethanol demonstrate that the direct contact between sensitive integrated 
structures and liquids allows to obtain an interesting combination of high resolution and low pressure drop. 
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 2. Device fabrication and packaging 
A schematic view and a photograph of the fabricated device are shown in Fig. 1. The liquid flow is confined to a 
selected chip area by means of a PMMA conveyor where a trench, 0.5 mm wide, 1 mm deep, is milled on the 
optically flat front face with a precision milling machine (VHF CAM100). Holes, with a diameter of 0.7 mm, 
connect the trench to two opposite lateral sides of the conveyor where stainless steel pipes are glued by means of 
epoxy resin. The conveyor is aligned to the chip front surface and sealed to it by means of a thermal procedure 5, 
creating a leak free channel including the sensing structures. Alignment of the conveyor to the chip is facilitated by a 
guide, previously aligned and glued to the package. An upper holder, connected to the guide with screws, keeps the 
conveyor pressed to the chip.  
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Fig. 1. a) Schematic cross-section and b) photograph of the fabricated device. 
The sensing structures, designed with the STMicroelectronics “BCD6” technology, are 400 x 150 μm2 
differential thermal flow meters made up of a heater placed between two temperature probes. The heater is a 1 kΩ 
polysilicon resistor while the temperature probes are two thermopiles formed by 17 p+poly/Al thermocouples. The 
heater and the thermopile hot contacts were thermally insulated from the substrate by placing them onto suspended 
silicon dioxide membranes. A few post-processing steps were added to the chip fabrication in order to remove a 
small amount of silicon from the front side of the chip. A detailed description of the post-processing is reported 
elsewhere 6.  
Briefly, openings into dielectric layers were obtained by means of a photolithographic step and a buffered 
hydrofluoric acid (BHF) etching solution. Then, a CMOS–compatible TMAH (tetra-methyl ammonium-hydroxide) 
solution was used to anisotropically etch the silicon substrate. SEM micrographs of a sensing structure before and 
after the silicon removal are shown in Fig. 2. This technique, known as front-bulk micromachining and recently 
introduced as an option in chip manufacturing services, requires much shorter etching times than the alternative of 
removing silicon from the back side of the chip. 
                               
   a)          b) 
Fig. 2. a) SEM micrograph of sensing structure before and b) after the silicon removal. 
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3. Device characterization 
The devices were tested with flows of two liquids, namely water and ethanol, using the measurement set-up 
shown in Fig. 4 a. The flow rate value was set by means of a precision syringe pump (kdScientific model 200) based 
on a microprocessor controlled stepper motor. A purposely built analog interface, mounted on a PCB, was used to 
drive the heater and read the thermopile output voltages. In this circuit 5, a buffer amplifier is used to drive the heater 
with a constant voltage (1V) while the thermopile output voltage is read by means of a low noise instrumentation 
amplifier (AD620) followed by a second order Butterworth filter with a cut-off frequency of 10 Hz. The total gain of 
the amplifier-filter cascade is 150. A digital multimeter (HP3478A) was used to acquire the amplified and filtered 
signal. A program in the National Instruments LabWindows™/CVI environment was developed in order to drive 
both the syringe pump via RS232 bus and the digital multimeter via the IEEE488 bus. 
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Fig. 4. Schematic view of the set-up used for a) the sensor response and b) resolution measurements. 
The device response was investigated in water and ethanol by applying flow rate values in a stair-step fashion. A 
typical response in water is shown in Fig. 5 a, where the output voltage consists in the voltage difference, VT1-VT2, 
between the upstream and the downstream thermopile. It should be noted that the device had an initial offset of 
about 50 μV which was completely recovered at the measurement end. Data extrapolated from stair-step responses 
are collected in Fig. 5 b to show the device response to water and ethanol flows in the 0-20 ml/h range. Negative 
flows were obtained by swapping the inlet and outlet connections. In both fluids, the device has a quite symmetrical 
behavior and the initial slope tends to decrease at high flow rates. According to the literature data 3, the response 
should reach a maximum and then decrease with increasing the flow rate. Nevertheless this behavior has not been 
observed in the investigated flow range.  
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Fig. 5. a) Sensor response to a stair-step water flow; b) sensor response to water and ethanol flows 
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 As expected 1,3, the sensitivity depends on the fluid type since the heat exchange between heater and the 
thermopiles is affected by the thermal properties of the fluid. The slope of the curves were estimated by linear fits in 
the initial interval (-1 – +1 ml/h) and values of 38 μV/(ml/h) in water and 112 μV/(ml/h) in ethanol were obtained.  
In order to evaluate the pressure drop, the measurement set-up shown in Fig 4 b was used. Two beakers 
containing water were connected to the device inlet and outlet and the difference between the liquid levels was used 
to evaluate the pressure drop at the obtained flow rate. The flow rate values were inferred from the output voltages 
using the data reported in Fig. 5 b. In the investigated flow range (0-20 ml/h), a full scale pressure drop of 5 mbar 
was evaluated. 
The same measurement set-up was also used to estimate the resolution of the device. In this case, a constant flow 
rate (Qn) was set by fixing the height difference between the two liquid levels and the equivalent peak-to-peak 
output noise voltage (vpp) was estimated. The resolution was calculated as the ratio between vpp and the sensitivity of 
the sensor at Qn extrapolated from data of Fig 5 b. Using this procedure, a detection limit of 0.2 ml/h was estimated. 
It should be noted that the beaker diameter was chosen large enough to guarantee a stable flow during the whole 
measurement time. The syringe pump was not suitable for resolution measurement due to small oscillations in the 
output flow caused by the controller of the stepper motor.  
4. Conclusions 
A flow sensor for liquids based on a differential temperature integrated calorimeter and a purposely built PMMA 
conveyor has been presented. The sensing structure has been designed with a commercial CMOS process and 
fabricated by adding a few post-processing steps. The conveyor, used to confine the liquid flow to a selected chip 
area, has been bonded to the chip by means of an innovative low cost packaging technique. Measurements 
performed in water have shown that an interesting combination of high resolution and low pressure drop has been 
obtained with the direct contact between the liquid and the sensitive structure. The dependence of the sensor 
response on the fluid thermal properties has been confirmed by the measurements with two different fluids. 
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